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CADhIIUM SULFIDE THIN FILM SOLAR CELL ARRAY 
SUB-PANEL DEVELOPMENT 
by F. A Blake 
General Electric Co.. Space Systems 
SUMMARY 
The objectives of this contractual effort were to (1) advance the a r t  of Cadmium 
Sulfide solar array technology from the module to the sub-panel stage and (2) expand 
experience in the manufacture of CdS modules to define the learning effect and thereby 
provide a reliable foundation for a r ray  cost projections. The program accomplished 
these objectives in a &week activity period during which 1 2  modules of 25 CdS solar 
cells each were fabricated, performance-tested in natural sunlight. and assembled 
into three sub-panels. 
2 2 The sub-panel specific weights of 0.0744 lb/ft (0.3633 kg/m ) for reinforced 
soldered construction and 0.0688 lb/ft2 (0.3264 kg/m2) for conductive epoxy con- 
struction approach that which could be expected of a full scale solar a r ray  blanket 
within 2 percent (excluding busbar weight). Consistent performance between 2.82 
and 3.19 percent A M 0  efficiency (referred to silicon standards) was obtained at  op- 
erating temperatures above 53OC for all 12 modules, and represents an improve- 
ment over units manufactured 6 months ear l ier .  
The program ,. zyified that construction of solar a r ray  sections using CdS solar 
cells is  practical aLd efficient and involves only modest investment in fabrication 
equipment . 
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CADMIUM SULFIDE THIN FILM SOLAR CELL ARRAY 
SUB-PANEL DEVELOPMENT 
F. A .  Blake 
ABSTRACT 
Advancement of the a r t  of Cadmium Sulfide solar a r ray  tech1,ology from the 
module to sub-panel (100 cells) stage was accomplished in the 6-week program 
described. Twelve modules of 25 cell,? each were fabricated using both of the 
previously developed interconnection methods (Reference Final Report DM 
68SD4233 "Thin Film Solar Cell Module Development, Cadmium Sulfide Cell"). 
These were tested and assembled into three sub-panel units of four modules 
each. Procedures for sub-panel manufacture together with weight and perfor- 
mance data defining t h e  present state of the CdS solar array technology a r e  pre- 
sented. 
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SECTION 1 
INTRODUCTION 
Cadmium Sulfide solar cell development programs have resulted in a lightweight flexible 
cell (Figures 1-1 and 1-2) with sufficiently high performance that near term application 
of the cells in a spacecraft power system rollup solar a r r ay  is likely. Concurrent with 
the present programs advancing and refining the CdS solar cell a r t ,  NASA Lewis Researrh 
Center sponsored two programs concerned with the development of the basic building block 
units of a CdS solar array,  the module and the sub-panel. The second c f  these, a program 
to advance the array fabrication capability to the sub-panel stage was performed under 
Contract NAS 3-11821 and is  the subject of this report. A sub-panel (P /N 47D214886) as 
fabricated under this program (Figure 1-3) is an assembly of four 25 five-cell CclS solar 
2 cell modules, and has an area of 6.692 ft (0.6217 m2) of the which 86.67 percent i; 
active cell area, In addition to  extending the technology to encompass sub-panels, the 
program had, as a major objective, the Extension of the module fabrication experience 
and cost data from that obtained in the module developmefit program. 
Two methods for CdS cell interconnection were develcped under Contract NAS 3-10605, the 
reinforced soldered method (Figure 1-4) and the conductive epoxy bonded method (Figure 
1-5). A s  reported in Final Report DIN 68SD4233 "Thin Film Solar Cell Module Develop- 
ment, Cadmium Sulfide Cell;' these methods were used to  produce a four-unit pilot run of 25 
cell modules (Figure 1-6) of each type. 
During the current program, twelve modules per Revision A of drawing 47D214515 were 
fabricated. These differ from the earlier modules only in the end tab configuration a t  the 
positive tabs, which was changed to meet the needs of the sub-panel assembly, Eight of 
the modules were constructed using the reinforced soldered interconriection method and 
four were constructed using the conductive bonding method, Upon completion, each of the 
twelve modules were performance tested in natural sunlight while under a 10-pound 
(4.536 kg) tension load. 
1 - 1  
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Figure 1-4. Cross Section of Reinforced Soldered Interconnection Method 
NDUCTIVE EPOXY BOND 
Figure 1-5. Cross Section of Conductive Epoxy Bonded Interconnection Method 
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Figure 2-3. Learning Effect on Module 
Fabrication Time for 2F CdS Solitr Cell 
Modules 
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Table 2-1. Twenty-Five Cell CdS Solar Cell Modules Fabrication Labor Hours 
Module 
Type 
Sequence 
No. - 
1 
5* 
6 
10 
11 
12 
Soldered Mods 
Module 
No. 
1 
2 
3 
7 
8 
10 
3.1 
12 
13 
14 
15 
16 
Labor 
Hours 
43 
25 
15 
10 
30 
12 
9 
10 
8 
6 
9 
7 
Conductive Bonded Xods 
Module 
NO. 
4 
5 
6 
8 
1'7 
18 
19 
20 
Labcr 
Hours 
A 
! 23 
22.5 NAS 2 
10605 
18.5 I 
I -+ 14 26 
I b 
6 NAS 3 
11821 
8 
*Training module for new fabrication technician 
2 -9 
expected that some improvement could be obtained through establishment of work centers 
for the specialized operations such as cutting-trimming and soldering and ban+ g. 
2.1.2 MODULE WEIGHT 
Details of the weight data taken for the modules fabricated under the NAS 3-11821 program 
a re  shown in Table 2-2. As in the previous program, the conductive epoxy bonded r x i u l e s  
are lighter than the soldered modules, averaging 50.0 grams versus 55.7 grams for the 
soldered units. Both these averages are higher than the corresponding values (46.7 grams 
and 52.6 graz-s, respectively) obtained during the NAS 3-10605 program. These show a 
net gain in weight of 3.3 grams for the conductive epoxy bonded modules and of 3.1 grams 
for the reinforced soldered modu: s. Comparison of the cell weights observed during the 
two programs sh. ws that the later cells run heavier than those of the former program, 44.2 
grams versus 38.8 grams for a set of 25 cells (a difference of 5.4 grams per  set). The 
reason that the latest modules do not reflect the total cell differences 
indicates that the process weight &ition was slightly less for the later modules. The 
probable source of the slightly improved weight is the use of Schjeldahl T320 tape (a layup 
of Kapton and GT100 adhesive) rather than individual strips of Kapton and GTIOO for the cell 
edge backing seams. 
the modules 
2 2 
Specific weights for  the latest program modules average 0.0723 lb/ft (0.3560 kg/m ) for 
the soldered configuration and 0.0654 Ib/ft (0.3195 kg/m ) for the bonded units. 
2 2 
2.1.3 ELECTRICAL PERPORMANCE OF THE MODULES DURING SOLAR TESTS 
Tach of the twelve modules was performance-tested in natural sunlight in the setup shown 
in Figure 2-4. The module is mounted under tension of 10 Ib (4.536 kg) on a test table 
capable of elevation angle adjustment. The azimuth angle is compensated for by rotation 
of the cart on which the test table is located. The tension loading is supplied by two Hunter 
Negator spring motors mounted below the test platform as shown in Figure 2-5 and is 
transferred over pulleys to  the spreader bar on the top surface. The loading is transmitted 
between the spreader bar and the module through a Kapton sheet taped to  the center of the 
first row of cells on the positive end of the mdule.  Anchorage to  the fixture at the cpposite 
end of the module is similarly obtained. 
2-10 
Table 2-2. Weight Data for 25-Cell CdS Solar Cell Modules 
*Difference from average of three groups of cells (44.2 gms) 
*Difference from cells used in this module 
***Area of module = 1.6836 ft2 (0.1564/m? 
2-11 


The individual V-I curves of which at least two were taken for each module are included in 
Appendix B with the computer printout of the data for each curve. The principal results of 
these performance tests are shown in Table 2-3. A l l  tests were intensity-monitored by 
short circuit current of the same silicon stancard as used during the previous program. 
An indication that the cells of the current program were consistently of higher quality 
than those of the first program is clear from comparison of the test results. Although the 
temperature levels between the two programs varied in accordance with the summer versus 
winter environments, the operating efficiency of the latest modules at temperatures 
averaging 56.6OC and 54.S°C (soldered and bonded, respectively) was  3.05 and 2.92 percent 
(soldered and bonded, respectively). These values are clearly above even the standardized 
values of efficiency, 2.35 and 2.36 percent, obtained during the earlier program. The 
trend is also evident in the fill factm values. These averaged 0.639 and 0.632 (soldered 
and bonded, respectively) for the most recent modules versus 0.614 and 0.622 (soldered 
and bonded, respectively) for the earlier program, 
0 
A s  with the earlier program, a conversion was made to standard temperature of 25 C 
on the basis of a voltage shift. These data are included in Table 2-4. Use  of this table 
must be restricted to the category of qualitative because the current variation in the 
transition from the 55OC range to the 25 C standard temperature was not made. At present, 
there is not sufficient dab available m the current-temperature relationship to enable this 
correction to be included in the standardization and consequently the e r ro r  becomes 
appreciable when the operating temperature is significantly different from the standard 
temerature. A l l  of the standardized efficiency data points fall between 3.25 and 3.75 
percent, testifying to a relatively narrow performance band and consistent cell performance. 
The cell location maps for each of the modules are included as Appendix C.  
0 
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2.2 MANUFACTURE OF SUB-PANELS 
The final activity performed under the NAS 3-11821 program was the fabrication of three 
sub-panels, P / N  47D214885 (Figure 2-6 and Figure 2-7), using the twelve modules 
assemblies assembled and tested h the initial stage of the program. The building of the 
sub-panels represented an advance of the "next higher assembly" stage in the development of 
a solar a r ray  using Cadmium Sulfide solar cells. The electrical cd igu ra t ion  for the 
sub-panel specified by NASA Lewis Research Center was to be two peries circuits each 
having two modules. 1sokt:on was t o  be maintained between the two series units which were 
to be mechanically joined along an edge resulting in a generally square configuration. The 
program did not include provisions for testing of the sub-panels, a function being reserved 
to the customer. 
Manufacture of the sub-panels (step-by-step p rocdures  included as Appendix A )  required 
the joining of modules in series in a manner very similar to the joining required between 
rows of cells in a soldered module. Consequently, no additional equipment beyond the 
soldering/bonding machine and the assembly fixture used for module manufacture were 
required for the series interconnection. A layout table was needed to establish the relative 
positioning of the modules before fabricating the joint. The second step of the sub-panel 
assembly, the creation of the mechanical joint between the two module ser ies  units, 
was identical to the joint used in the modules, the seam between cell edges. However, in 
order to be able to utilize the bonding capability of the soldering/bonding machine, roller 
attachments were necessary to enable handling thr larger area unit. 
A s  specified, t w ~  of the sub-panels were Iabricated with modules of the llReinforced 
Soldered" configuration and one was fabricated using the "Conductive Epoxy Bonded" 
modules. The sub-panel series joint between modules is of the '!Reinforced Soldered" 
construction for all three sub-panels. 
2-17118 
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Figure 2-8. Learning Effect for Sub-Panel Fabrication of CdS Cells 
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2.2.1 SUB-PANEL FABRICATION TIME 
As with the modules, a strong learning effect is evident in the initial sub-panel manufactur- 
ing. The times for the first three units were 18, 7, and 5 hours, respectively (ahawn 
graphically in Figure 2-8). Becauae the joining operations a r e  virtually routine as a result 
of the module experience, the learning is predominantly in the %mUing" activities 
associated with tbe sub-panel assembly. These too had reached routine status by the 
third at, and therefore it is not expected that there will be a signi.':ant further reduction 
in the sub-panel fabrication time. 
2.2.2 SUB-PANEL WEIGHT 
Weight data covering the final sub-panel weights, the summed weights of the modules used 
in each sub-panel, and the specific weights of the sub-panels on an area basis are Shawn 
in Table 2-5. From the specific weight standpoint, the sub-panel operation is one of 
adding materials while reducing the ama due to tab overlapping, both of which increase 
the specific weight value. For the two sub-pels which used modules of the "reinforced 
soldmed" configuration, the average specific weight is 0.0744 lb/ft (0.3633 kg/m ); for 
the ligher unit m-de with %onductive epoxy" interconnections, the specific weight is 0.0668 
2 2 lb/ft (0.3264 kg/m ). The tatal material added during the sub-panel Eabricatian aperation 
averaged 4.7 grams. This is 1.7 grams higher than the %et added we@t*I shown in 
Table 2-5 because instrumenlatian tabs which were trimmed off lower the overall weight. 
2 2 
2.2.3 IDENTITY OF MODULES WITHIN SUB-PANEIS 
Figures 2-9, 2-10, and 2-11 s h m  the positions of the twelve modules within sub-panels 
1, 2, and 3,respectively. 
2.3 GENERAL COMMENT ON FABRICATION OF CdS SOLAR CELL MODULES Ah= 
SUB-PANELS 
The program covered in this report demonstrated that constructior, of solar a r r ay  sections 
using Cadmium Sulfide solar cella is practical and efficient and involves extremely modest 
investments in fabrication equipment. This program has advanced the state of the CdS 
solar ar ray  fabrication one step along the "next higher assembly" trail and leads directly 
to  the next logical stage, the Eabricatim of full voltage a r ray  sections composed of series 
groups of sub-panels and the rehull circuit busbar network. A s  with the mb-panel 
program, a modest revisian of the manuhcturing equipment installation aimed primarily 
at handling the larger area units will expand the capability to encompass the new 2-23 
requirements. 
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A. 1 - EQUIPMENT REQUIRED FOR FABRICATION OF SUB-PANELS FROM MODULES 
Because processes for the fabrication of the sub-panels from modules involves the fabri- 
cation of joints similar to those used in the module manufacture, it was possible to utilize 
the principal piece of module fabrication equipment during the sub-panel assembly. 
A. 1.1 
Fabrication of the sub-panel is a two-step process, (1) the series connection of two modules 
in series,  and (2) the parallel mechanical connection of two series units. The series elec- 
trical joint is a mechanically reinforced solder joint between the overhanging Schjelclad 
L5550tab of one module to the paralleled positive cell tabs of the row one cells of a second 
module. The similarity of the process for the series joint to  the process for the series joints 
within the module allowed the use of the solderiag/bonding machine to fabricate the joint. 
Although the parallel mecbanicaI joint was similar to  the cell to cell seam joints in the 
module, the size of the machine relative to the two series units being joined required the 
incorporation of rollers along the edge of the assembly fixture as shown in Figure A-1. This 
relatively simple modification t o  the soldering/bonding machine was the only change needed 
to  expand its capability to  include sub-panel fabrication. 
ROLLER MODIFICATION OF SOLDERING/BONDING MACHINE 
A. 1.2 
Before the bonding/soldering operations required for the series units and the bonding opera- 
tion for the sub-panel, the positioning of the parts to  be joked  is made on a layout table having 
baseline and dimension line relationships as shown in Figure A-2. These lines correspond 
to the configuration control dimensions of drawing 47D214886. 
IAYOUT TABLE FOR SERIES UNIT AND SUB-PANEL POSITIONING 
A. 2 SUB-PANEL PROCESS PART I, FABRICATION OF lW0 MODULE SERIES UNIT 
The detail manufacturing steps taken in the preparation of the "Two Module Series Unit, 
a pair of which are subsequently mechanically joined to  form a sub-panel, are listed for 
reference. A completed Series Unit is shown in Figure A-3. 
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A .  2.1 MATERIALS AND PREPARATION - SERIES UNIT 
a. 
b. 
c. 
d. 
e. 
f. 
NOTE: 
Twenty-Five Cell CdS Solar Cell Module P / N  47D214515 (2 each) 
Kapton Film Solder Dam, 2.0 x 16.0 x 0.003 inches (1 each) 
GTlOO Adhesive Strip, 0.188 ,: 15.0 inches (1 each) 
GTlOO Adhesive Strip, 0.375 x 15.0 inches (2 each) 
Kapton Film Joint Back Up Strip, 0.75 x 14.5 x 0.001 inches (1 each) 
Spot tack 0.375 GT100 Adhesive strips side by side on 42.75 wide Kapton strip. 
Items d. ,  e . ,  and f. can be combined by using a single s t r ip  of G. T. Schjeldahl 
T320 tape 0.75 inch wide. 
g* 
h. 
i. 
A .  2.2 
a. 
b. 
C. 
d. 
Alpha No. 235 (151OC) Indium Bismuth Solder Preform, 0.005 x 1/16 x 14.5 inches 
(1 each) 
Kapton Pressure Sensitive Tape (Mystic 7361 o r  equivalent) (1 roll 1/2 inch) 
Pressure Sensitive Masking Tape (1 Roll) 
SERIES UNIT MAWFACTURING PROCEDURE 
The two modules to be joined in series are identified as No. 1 and No. 2, corres- 
ponding to the upper and lower modules of Figure A-3, respectively. 
Install the Kapton Film Solder Dam in position across  Row 1 of Module 2 leaving 
0.125-inch exposure of the positive tab. (Note: This step is identical to the dam 
positioning performed during module manufacture. ) 
Position Module 1 face down on layout table. Align positive end with end baseline 
and edge of module with the edge baseline. Secure the position with masking tape 
along the module edges. (Reference Figure A-2 for baseline designations.) 
Position Module 2 face down on the layout table with the positive tab overlapping 
the Schjelclad tab of Module 1. Align the end of the positive tab with the 16.40- 
inch line of the layout pattern. Move module laterally until the edge is aligned 
with the edge baseline. (NOTE: Position of the negative tab of Module 2 must 
fall within 1/32 inch of the 33.125 line.) Secure position of Module 2 with tape 
along the edges. 
A-5 
e. 
f .  
g. 
h. 
i. 
j .  
k. 
1. 
m. 
n. 
0. 
Pa 
q. 
Lift positiile tabs of Module 2 as shown in Figure A-4, exposing 1/8 section of the 
negative tab where solder joint is to be made. 
Spot tack the solder pre-form s t r ip  onto exposed tab using hand irm with 500 degrees 
tip and A l p b  704 flux. 
Release the positive tabs of Mraduie 2,  allowing the moaule to lay flat on the table. 
Secure the positioning of the modules relative to each other with short str ips of 
Kapt in tape across the joint area at each cell as shown in Figure A-5. 
Remove the two module assembly from the layout table and mount face up on the 
module assembly fixtrrre with the joint approximately ir. the center of the fixture. 
Apply Alpha 704 flux t o  the joint. 
Lower the solder bar onto the joint and hold at 16 lb/in. and 350'F fr>r 2 seconds. 
Start forced air  cooling of the bar and hold until the temperature of the bar has 
dropped below 300'F. Raise the solder bar. 
Remove the Kapton dam strip. 
Insert the narrow G T  100 strip (0.188 x I 5  x 0.0025 inches) in the space between 
the tabs preserved by the Itapton dam. 
0 
?witch the heater bar  heat controller to the bonding temperature (280 F) position. 
Lower the heater ba r  to cure the GT 100 adhesive. Hold the 16 Ib/in. pressure 
at  2800F for 12 to  14 secmds. Raise the heater bar. 
2 
Center the 0.750-inch back up s t r ip  along back of joint. (Modules positioned face 
5:oWn. ) 
Lower the heater ba r  and cure the GT 1dO adhesive per step 0. This step must be 
repeated three times to cover the area of the back up strip, 
The steps a. through q. axe repeated for a second set of two mod-des to provide the two 
ser ies  units needed for the sub-panel assembly. 
A .  3 SUB-PANEL PROCESS PART 11, JOINING OF TWO SERIES UNITS INTO SUB-PANEL 
The final sub-panel assembly stage is the mechanical joining of tw.o series units a s  shown 
in Figure A-6. 
A -6 



A. 3.1 MATERIALS AND PREPARATION - SUB-PANEL ASSEMBLY 
a. Two series cnits each of two modules joined in series as described in Section A. 2. 
b. Schjeldahl T320 Tape (This tape is a factory prepared layup of GTlOO and Kaptoii); 
34 x 1/2 inches (1 piece required) 1 1/2 x 1/2 inch (2 pieces required) 
c. Kapton Pressure sensitive tape (Mystic 7361 or equivalent) (1 roll) 
d. Pressure sensitive masking tape. (1 roll) 
A. 3.2 SUB-PANEL ASSEMBLY MANUFACTURING PROCEDURE 
a. Position one series unit face up on the layout table with the edge aligned with ''Edge 
Baseline" and with tbe end gaps between the "End Baseline11 and the "93.125-Inch 
Line" balanced. Secure the position with masking tape along the ends and the base- 
line edge. 
b. Trim off test tabs which cross the sub-panel centerline 04.560 line) flush with the 
edge of the modules. 
c. Position second series unit face up on the layout table with edge aligned with the 
sub-panel centerline (14.560 line) and with end gaps between the eF.d baseline and 
the 33.125 line balanced. Secure the wsition with masking tape at the ends and 
at the edge along the 1129.090 line. 
d. Repeat Step b., tab trimming, for the second series unit. 
e. Secure the position of the series units relative to each other by Kapton tape s t r ips  
across  the centerline joint at each cell row. 
f. tift  the four module unit from the table and turn over face dawn. 
g. Center tbe 36 x 1/2 inch T320 strip over the centerline joint gap and tack at the 
positive end of the sub-panel by use of a hand soldering iron. 
h. Mount the four-module unit on one of the rollers of the module assembly fixture 
(Figure A-1), starting with the negative end attacned to the roller. Cell faces are 
wrapped inward against the roller and the wrap is such as to result in the unrolling 
unit lying face down over the work surface of the assembly fixture. 
i. Mount assembly fixture in the soldering/bonding machine with the centerline joint 
directly below the heater bar. 
A-10 
j. 
k. 
1. 
m. 
n. 
0. 
P- 
r. 
S. 
t. 
Unroll approximately 12 inches of the four-module unit onto the work surface of 
the fixture. 
Cure T320 tape to back of modules by lowering the heater bar (28OOF) onto joint 
undcr 16 I b h 2  pressure for 12 to 14 seconds; lift bar. Repeat with slight 
position changes under the bar as-necessary until the full width of the T320 is 
cured. 
Advance the unit across  the work surface approximately 12 inches, taking up the 
finished section on the previously unused roller. 
Repeat curing Step k. for the newly exposed section of the parallel mechanical 
joint . 
Advance the unit until the final section is under the bar and repeat the T320 Tape 
cure step per k 
Remove the s u b p n e l  assembly from the assembly fixture roller and return to 
the layout table. Remove the Kapton pressure sensitive tape pieces used to secure 
the joint positioning. # 
Tack the two 1 1/2-inch pieces of T320 across  the ends of the T320 seam tape on 
the back of the sub-panel. 
Remount the sub-panel on the assembly fixture roller leaving one end exposed on 
the work surface to enable curing of the end anchorage pieces of T320 tape. 
Cure the f i rs t  end anchorage tape per Step k. 
Advance the sub-panel across  the work surface and onto the second roller until the 
opposite end anchorage tape is under the ba-. 
Cure the second end anchorage tape -pr Step k., and remove from assembly fixture. 
The f o l l o w i n g  l i s t i n g  i s  of t h e  computer programs used to reciuce t h e  
Solar Test d a t a  taken on modules P/N 47D214515.(FOZTAN LV LanguARe', $LIST 35MOD 
B-1 
B-2. SOLAR TEST V-I CURVES AND DATA 
The V-I performance curves obtained from modules 9-20 during the solar tests  are included 
as Figures B-1 to B-21. The computer data reduction print-out for ea& curve i s  included 
a s  the page following the curve. Two curves and print outs are included for each module. 
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Figure B-13. Solar Test V-I Curve - Module 15 Test A - 7/2/68 
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Figure B-14, Solar Test V-I Curve - Module 15 Test B - 7/2/68 
B-30 
I STD V STD XlVCi42 INPUT WATTS 
a e2409 3.5277 97.4876 133 0 4 3 G 5  
YOLEil POINT CURi3EW"I'VOLTAGE 
=206u8 1.63 
FILL FACTORS 
G3 6458 
ki.6481 
006480 
do6453 
MOD TEMP DEG CENT 
55.8333 B-31 
Si l icon Intensity Standard .2577 a. 
,2574 a. 
s i l i c o n  Open Circuit Standard .4024 V. 
a4027 V. 
Thermocouple Voltage 2.27 V= = 132.0 9 
2.25 V. = 131.0 
Scale = 0.5 Amplinch 
0.5 VoWinch 
3.5 
Figure B-lf. Solar Test V-I Curve - Module 16 Test A - 7/2/68 
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Figure B-16. Solar Test V-I Curve - Module 16 Test B - 7/2/68 
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Test B - 
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Figure B-18. Sobr Test V-ICurve - 
Module 17 Tests B &C - 7/17/68 
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Figure B-19. Solar Test V-I Curve - 
Module 18 Test A - 7/17/68 
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Figure B-20. Solar Test V-I Curve - 
Module 18 Tests B & C  - 7/17/68 
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Figure B-21. Solar Test V-I Curve - 
Module 19 Test A - 7/17/68 
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Figure B-22. Solar Test V-I Curve - 
Module 19 Tests B &C - 7/17/68 
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Figure B-23. Solar Test V-I Curve - 
Module 20 Test A - 7/17/68 
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Figure B-24. Solar Test V-I Curve - 
Module 20 Tests B & C - 7/17/68 
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Figure C-1. Cell Positions Within CdS Solar Cell Module No. 9 
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Figure C-2. Cell Positions Within CdS Solar Cell Module No. 10 
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Figure C-3. Cell Positions Within CdS Solar Cell Module No. 11 
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Figure C-4. Cell Positions Within CdS Solar Cell Module No. 12 
c-4 
Figure C-5. Cell Positions Within CdS Solar Cell Module No, 13 
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Figure C-6. Cell Positions Within CdS Solar Cell Nodule No. 14 
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Figure C-7. Cell Positions Within CdS Solar Cell Module No. 15 
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Figure C-8. Cell Pcdtiims Within CdS Solar Cell Module No. 16 
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Figure C-9. Cell Positions Within CdS Solar Cell Module No. 17 
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Figure C-10. Cell Positions Within CdS Solar Cell Module No. 18 
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Figure C-11. Cell Positions Within CdS Solar Cell Module No. 19 
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Figure C-12. Cell Positions Within CdS Solar Cell Modtile No. 20 
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